Pseudomonas aeruginosa and Acinetobacter baumannii are the most prevalent nonfermentative bacterial species isolated from clinical specimens of hospitalized patients. A surveillance study of 65 laboratories in the United States from 1998 to 2001 found >90% of isolates of P. aeruginosa from hospitalized patients to be susceptible to amikacin and piperacillin-tazobactam; 80 to 90% of isolates to be susceptible to cefepime, ceftazidime, imipenem, and meropenem; and 70 to 80% of isolates to be susceptible to ciprofloxacin, gentamicin, levofloxacin, and ticarcillin-clavulanate. From 1998 to 2001, decreases in antimicrobial susceptibility (percents) among non-intensive-care-unit (non-ICU) inpatients and ICU patients, respectively, were greatest for ciprofloxacin (6.1 and 6.5), levofloxacin (6.6 and 3.5), and ceftazidime (4.8 and 3.3). Combined 1998 to 2001 results for A. baumannii isolated from non-ICU inpatients and ICU patients, respectively, demonstrated that >90% of isolates tested were susceptible to imipenem (96.5 and 96.6%) and meropenem (91.6 and 91.7%); fewer isolates from both non-ICU inpatients and ICU patients were susceptible to amikacin and ticarcillin-clavulanate (70 to 80% susceptible); and <60% of isolates were susceptible to ceftazidime, ciprofloxacin, gentamicin, or levofloxacin. From 1998 to 2001, rates of multidrug resistance (resistance to at least three of the drugs ceftazidime, ciprofloxacin, gentamicin, and imipenem) showed small increases among P. aeruginosa strains isolated from non-ICU inpatients (5.5 to 7.0%) and ICU patients (7.4 to 9.1%). From 1998 to 2001, rates of multidrug resistance among A. baumannii strains isolated from non-ICU inpatients (27.6 to 32.5%) and ICU patients (11.6 to 24.2%) were higher and more variable than those observed for P. aeruginosa. Isolates concurrently susceptible, intermediate, or resistant to both imipenem and meropenem accounted for 89.8 and 91.2% of P. aeruginosa and A. baumannii isolates, respectively, studied from 1998 to 2001. In conclusion, for aminoglycosides and most ␤-lactams susceptibility rates for P. aeruginosa and A. baumannii were constant or decreased only marginally (<3%) from 1998 to 2001. Greater decreases in susceptibility rates were, however, observed for fluoroquinolones and ceftazidime among P. aeruginosa isolates.
Pseudomonas aeruginosa and Acinetobacter baumannii are nonfermentative gram-negative bacteria that have minimal nutritional requirements and can survive on a wide variety of surfaces and in aqueous environments. P. aeruginosa and A. baumannii rarely cause serious infections in otherwise healthy persons and are infrequently identified as normal microbial flora in healthy individuals (18, 30) . Infections with P. aeruginosa or A. baumannii are of greatest concern for hospitalized patients, particularly those in intensive-care units (ICUs), where these opportunistic pathogens are capable of causing severe invasive infections in critically ill and immunocompromised patients. Patients with cystic fibrosis, neutropenia, iatrogenic immunosuppression, or disrupted anatomical barriers that normally prevent bacterial invasion (e.g., skin) are at risk of infection with P. aeruginosa or A. baumannii (9, 18, 30) . Rates of colonization with P. aeruginosa and A. baumannii increase in hospitalized patients, particularly in those who have been hospitalized for extended periods of time and/or have received broad-spectrum antimicrobial therapy or cancer chemotherapy (18, 30) . The spectrum of human infections caused by P. aeruginosa ranges from superficial skin infections to fulminant sepsis. P. aeruginosa is the leading cause of nosocomial respiratory infections and is of particular concern for intubated persons and patients with ventilator-associated pneumonia (18, 27) . Hospital-acquired infections with A. baumannii also most commonly involve the respiratory tract; like P. aeruginosa, A. baumannii also causes nosocomial urinary tract infections and wound infections, and infections may progress to septicemia (30) . P. aeruginosa has been documented previously to be responsible for morbidity and mortality in AIDS patients with advanced disease and, as a result of recent improvements in patient management, to be less commonly involved in febrile neutropenia and burn wound sepsis than previously observed (27) .
P. aeruginosa and A. baumannii are resistant to antimicrobials from several different structural classes, either intrinsically or through acquisition of genetic determinants for resistance over time. Most isolates of P. aeruginosa and A. baumannii are resistant to ampicillin, amoxicillin-clavulanate, antistaphylococcal penicillins, narrow-and extended-spectrum cephalospo-rins (except ceftazidime and cefepime), tetracyclines, macrolides, rifampin, and chloramphenicol. P. aeruginosa is also resistant to ampicillin-sulbactam and trimethoprim-sulfamethoxazole, while many clinical isolates of A. baumannii are resistant to gentamicin and fluoroquinolones. In P. aeruginosa and A. baumannii antimicrobial resistance may arise because of outer membrane impermeability, increased activity of multidrug efflux pumps, target site alterations, or enzymatic degradation (e.g., aminoglycoside-modifying enzymes and ␤-lactamases). Resistance to noncarbapenem ␤-lactams in P. aeruginosa (18, 27) and A. baumannii (30) is most commonly associated with overproduction of a naturally produced cephalosporinase (AmpC). Antimicrobial resistance among clinical isolates of P. aeruginosa and A. baumannii may complicate the treatment of infections and can adversely affect clinical outcomes and patient treatment costs (6, 13) . New antimicrobial agents with activity against P. aeruginosa and A. baumannii will not be available in the near future, making ongoing surveillance of the activities of currently available agents very important. The present study investigated the in vitro activities of 10 commonly tested antimicrobial agents against P. aeruginosa and A. baumannii isolated from non-ICU inpatients and ICU patients in U.S. hospitals from 1998 to 2001.
MATERIALS AND METHODS
Antimicrobial susceptibility testing results. The Surveillance Network (TSN) Database-USA (Focus Technologies, Herndon, Va.) was used as the source of antimicrobial susceptibility testing results for this study. TSN electronically assimilates antimicrobial susceptibility testing and patient demographic data from a network of hospitals in the United States (29) . Laboratories are included in TSN based on factors such as hospital bed size, patient population, geographic location, and antimicrobial susceptibility testing methods used (29) . Susceptibility testing of patient isolates is conducted onsite by each participating laboratory as a part of their routine diagnostic testing. Only data generated by Food and Drug Administration-approved testing methods with MIC results interpreted according to NCCLS recommendations (22) are included in TSN.
The antimicrobial susceptibility testing results included in the present analysis were restricted to the 65 U.S. laboratories that participated in TSN from 1998 to 2001 and that reported results for Ͼ50 isolates of P. aeruginosa per year, each isolate originating from a different hospital inpatient. The 65 laboratories were distributed across all nine U.S. Bureau of the Census regions. Isolates of A. baumannii were limited to those from the 24 U.S. laboratories that participated in TSN from 1998 to 2001 and that reported results for Ͼ20 isolates per year from different hospital inpatients. The 24 laboratories were distributed across six of the nine U.S. Bureau of the Census regions. Isolate results from all specimen sources were used. If the same patient had multiple isolates tested in a year, results from the first isolate in a year were used. For some analyses, data from ICU patients were analyzed separately from those of non-ICU hospital inpatients; data from patients in nursing facilities and hospital outpatients were excluded from the analysis. The prevalence of multidrug resistance (MDR) was investigated among isolates of P. aeruginosa and A. baumannii tested with ceftazidime, ciprofloxacin, gentamicin, and imipenem. Isolates resistant to three or all four antimicrobials were considered multidrug resistant (MDR).
RESULTS
Results for one or more antimicrobial agents were available for 76,211 isolates of P. aeruginosa and 7,394 isolates of A. baumannii from non-ICU inpatients and ICU patients from 1998 to 2001. Combined 1998 to 2001 results for P. aeruginosa demonstrated that Ͼ90% of isolates tested were susceptible to amikacin and piperacillin-tazobactam; from 80 to 90% of isolates were susceptible to cefepime, ceftazidime, imipenem, and meropenem; and from 70 to 80% of isolates were susceptible to ciprofloxacin, gentamicin, levofloxacin, and ticarcillin-clavulanate ( Table 1) . Rates of susceptibility to amikacin, cefepime, gentamicin, imipenem, meropenem, piperacillin-tazobactam, and ticarcillin-clavulanate differed by Յ3% from 1998 to 2001 for isolates from non-ICU inpatients and from ICU patients. Rates of susceptibility to ceftazidime from 1998 to 2001 decreased by 4.8 and 3.3% for isolates from non-ICU inpatients and ICU patients, respectively. Greater chronological decreases in susceptibility were observed for isolates from non-ICU inpatients and ICU patients, respectively, tested with ciprofloxacin (6.1 and 6.5%) and levofloxacin (6.6 and 3.5%). Based on cumulative 1998 to 2001 results, differences in susceptibility between isolates from non-ICU inpatients and those from ICU patients were Յ3% for amikacin, gentamicin, cefepime, ciprofloxacin, levofloxacin, and piperacillin-tazobactam. Susceptibility was higher among isolates from non-ICU inpatients than among isolates from ICU patients for ceftazidime (3.6%), ticarcillin-clavulanate (4.4%), imipenem (6.4%), and meropenem (7.3%). 6 .4% (696 of 10,951), and 6.3% (641 of 10,170) of isolates from non-ICU inpatients were MDR, respectively; among isolates from ICU patients, 7.4% (174 of 2,362), 7.0% (155 of 2,202), and 9.5% (202 of 2,128) were MDR. The most common agent involved in MDR was ciprofloxacin (94.7 to 97.1% of all MDR isolates) from 1998 to 2001. All agents were a component of MDR more often among ICU patient isolates than among non-ICU inpatient isolates, except for ceftazidime. Analysis of ciprofloxacin-resistant isolates of P. aeruginosa (n ϭ 449) from 2001 found that they were usually resistant to levofloxacin (86.9%) and also commonly resistant to ticarcillin-clavulanate (58.4%). When isolates from 2001 that were tested with all 10 agents were analyzed by carbapenem susceptibility status, all agents other than ceftazidime (for ICU patients) demonstrated Ն4%-higher resistance rates among meropenem-resistant isolates than among imipenem-resistant isolates for both non-ICU inpatients and ICU patients ( Table 3 ). The greatest observed difference was a 27.4%-higher rate of resistance to ticarcillin-clavulanate among meropenem-resistant isolates than among imipenem-resistant isolates from non-ICU inpatients. Table 4 compares NCCLS-defined (22) imipenem and meropenem susceptibility, intermediate, and resistance phenotypes for combined non-ICU inpatient and ICU patient isolates by year from 1998 to 2001. Interpretative phenotype agreement for imipenem and meropenem (i.e., imipenem-susceptible-meropenemsusceptible, imipenem-intermediate-meropenem-intermediate, and imipenem-resistant-meropenem-resistant) was 89.8% for combined 1998 to 2001 isolates and had a narrow range (88.7 to 91.6%) per annum over the 4 years studied (data not shown). The most common discordant phenotypes observed were imipenem-resistant-meropenem-susceptible (3.1% of isolates) and imipenem-resistant-meropenem-intermediate P. aeruginosa data analysis stratifying antimicrobial suscep- tibility data by patient age group produced two notable observations (Table 5 ). Susceptibility to each agent was highest among patients Յ10 years of age. The difference in susceptibility between patients Յ10 years of age and those Ͼ60 years was greatest for levofloxacin (26.7%) and ciprofloxacin (24.1%); differences for all other agents were Ͻ10%. Cumulative 1998 to 2001 results for A. baumannii isolated from non-ICU and ICU patients, respectively, demonstrated that Ͼ90% of isolates tested were susceptible to imipenem (96.5 and 96.6%) and meropenem (91.6 and 91.7%); fewer isolates (70 to 80%) were susceptible to amikacin and ticarcillin-clavulanate, and Ͻ60% of isolates were susceptible to ceftazidime, ciprofloxacin, gentamicin, and levofloxacin (Table  6) . Susceptibility rates among non-ICU inpatients differed by Յ5% from 1998 to 2001 for all agents except ciprofloxacin, meropenem, and piperacillin-tazobactam; among ICU patient isolates susceptibility rates differed by Յ5% for imipenem, levofloxacin, and meropenem (data not shown). In 2001, the rates of MDR among A. baumannii strains tested with ceftazidime, ciprofloxacin, gentamicin, and imipenem were 32.5% (226 of 695) for isolates from non-ICU inpatients and 24.2% (70 of 289) for isolates from ICU patients. In 1998, 1999, and 2000, 27.6% (362 of 1,312), 20.1% (165 of 819), and 22.9% (186 of 812) of isolates from non-ICU inpatients were MDR, respectively; among isolates from ICU patients, 11.6% (37 of 320), 15.4% (39 of 254), and 26.5% (81 of 306) were MDR. Greater than 96.6% of all MDR isolates from 1998 to 2001 were resistant to ceftazidime, ciprofloxacin, and gentamicin while only 10.2% of MDR isolates were resistant to imipenem. In contrast to the data for P. aeruginosa, MDR isolates were more common among non-ICU inpatient isolates than among ICU patient isolates, except in 2000. Among ciprofloxacinresistant isolates from 1998 to 2001 (n ϭ 137), rates of susceptibility, intermediacy, and resistance to imipenem were 80.3, 0, and 19.7%, respectively, and those to meropenem were 83.9, 1.5, and 14.6%, respectively. Interpretative phenotype agreement for imipenem and meropenem against combined non-ICU inpatient and ICU patient isolates of A. baumannii (n ϭ 421) from 1998 to 2001 was 91.2%. The most common discordant phenotypes observed were imipenemresistant-meropenem-susceptible (4.0% of isolates) and imipenem-susceptible-meropenem-resistant (2.9% of isolates). Imipenem-resistant-meropenem-intermediate and imipenemintermediate-meropenem-resistant isolates were not detected. Major error (i.e., susceptible to one carbapenem and resistant to the other) and minor error (i.e., intermediate to one carbapenem and susceptible or resistant to the other) rates were 6.9 and 1.9%, respectively, for 1998 to 2001.
DISCUSSION
The potential for antimicrobial resistance is an important concern for clinicians treating patients with confirmed or suspected P. aeruginosa or A. baumannii infections. In the present study, cumulative 1998 to 2001 results for P. aeruginosa demonstrated that Ͼ90% of the isolates tested were susceptible to amikacin and piperacillin-tazobactam; 80 to 90% of isolates were susceptible to cefepime, ceftazidime, imipenem, and meropenem; and 70 to 80% of isolates were susceptible to ciprofloxacin, gentamicin, levofloxacin, and ticarcillin-clavulanate (Table 1) . Centralized in vitro studies conducted from 1997 to 2002 in the United States have published susceptibility results similar to those reported here for all agents except for piperacillin-tazobactam, for which slightly lower susceptibilities (78 to 90%) were reported previously (12, 15, 17, 25, 28) .
Other studies conducted across consecutive years in the United States (1997 to 1999 and 1999-2000) have generally noted only marginal decreases in susceptibilities to aminoglycosides, ␤-lactams, and fluoroquinolones (12, 15, 17, 28) . However, the percentage of fluoroquinolone-susceptible isolates identified in this study and other recent studies (approximately 70%) (12, 15, 17, 25, 28) is substantially lower than that reported in some studies conducted in 1997, in which susceptibilities were 85% for levofloxacin and 89% for ciprofloxacin (8, 26) . Fluoroquinolone susceptibility among P. aeruginosa isolates appears to be decreasing in the United States, perhaps because of increasing or cumulative fluoroquinolone use, the lack of adherence to approved infection control practices by hospitals, or changes to the public health infrastructure (15) . Susceptibility to fluoroquinolones appears to be decreasing at a higher rate than is susceptibility to other antimicrobial classes. Perhaps cumulative fluoroquinolone use is a greater selector of resistance than is cumulative use of aminoglycosides, carbapenems, or other ␤-lactams, or maybe fluoroquinolone-resistant strains are more easily spread than are strains resistant to other agents.
Susceptibility to ceftazidime (3.6%), ticarcillin-clavulanate (4.4%), imipenem (6.4%), and meropenem (7.3%) was higher among isolates from non-ICU inpatients than among isolates from ICU patients (Table 1) , as reported previously by the National Nosocomial Infections Surveillance system (23) . Similar rates of susceptibility to amikacin, fluoroquinolones, and piperacillin-tazobactam among isolates from non-ICU inpatients and ICU patients may reflect heavier usage of these agents outside the ICU than of agents with higher relative susceptibility differences (i.e., ceftazidime, ticarcillin-clavulanate, imipenem, and meropenem); however, other factors such as adherence to infection control practices may also be influencing this trend. Fluoroquinolone resistance is a problem both inside and outside the ICU in hospitals. The possible loss of the fluoroquinolones to treat all P. aeruginosa infections implies that injectable therapy with alternative agents and possibly hospitalization may be required to treat these infections in the future (6, 12) .
Cumulative 1998 to 2001 results for A. baumannii demonstrated that Ͼ90% of isolates tested were susceptible to imipenem (96.5 and 96.6%) and meropenem (91.6 and 91.7%) while far fewer isolates were susceptible to any other agent (i.e., 70 to 80% susceptibility to amikacin and ticarcillin-clavulanate) (Table 6 ). Centralized in vitro studies conducted from 1997 to 2000 in the United States have published similar susceptibility results for all agents tested in the present study with two notable exceptions (11, 17, 25, 28) . Nosocomial isolates of A. baumannii (n ϭ 150) collected from patients in the United States and Canada as part of the SENTRY surveillance program from 1997 to 1999 (11) demonstrated carbapenem susceptibilities 4 to 8% lower and ciprofloxacin and gentamicin susceptibilities 30% higher than those reported in the present study. The MYSTIC surveillance program, reporting on a limited number of A. baumannii isolates (32 in 1999 and 56 in 2000), found a 15%-lower rate of susceptibility to carbapenems, a 30%-higher rate of susceptibility to ciprofloxacin, and a 15-to 20%-higher rate of susceptibility to gentamicin than those in the present study (25) . Carbapenems remain the agents of choice for infections with Acinetobacter, although outbreaks of imipenem-resistant Acinetobacter have been reported and carbapenem resistance among A. baumannii can be endemic in certain hospitals (1, 19, 21, 32) . The surveillance data presented in this study and other recent studies (11, 17, 25, 28) demonstrate that levofloxacin and ciprofloxacin activities are limited against A. baumannii, with approximately 50% of isolates being resistant to fluoroquinolones. Fluoroquinolone susceptibilities are now considerably lower than the rates of 70 to 80% reported in studies conducted in 1997 (8, 14) . A. baumannii susceptibility to piperacillin-tazobactam was previously reported to have decreased from 72 to 59% from 1999 to 2000 (25) ; a similar observation was made in the present study, where piperacillin-tazobactam susceptibility decreased from 73.3% in 1998 to 56.7% in 2001 among ICU patients ( Table 6 ). Outbreaks of MDR P. aeruginosa and A. baumannii inside and outside ICUs are an increasingly reported problem in hospitals (2, 4, 19) . MDR phenotypes are slowly increasing in prevalence among P. aeruginosa (1, 7, 10, 31) and A. baumannii (10) . Unfortunately, ongoing regional or national surveillance studies do not routinely report rates of MDR in P. aeruginosa, and the definitions of MDR in published studies have not been uniform (7, 10, 12, 28) . In one U.S. centralized in vitro study from 1999, 3.7% of P. aeruginosa isolates were MDR, where MDR was defined as isolates resistant to three or more of the drugs ceftazidime, gentamicin, imipenem, and levofloxacin (28) . In that study, resistance to a fluoroquinolone was always associated with resistance to at least one other class of antimicrobial agent (28) . In another study, conducted from 1997 to 1999, 3.3% of P. aeruginosa isolates were MDR, where MDR was defined as resistance to piperacillin, ceftazidime, imipenem, and gentamicin (12) . In the present study among P. aeruginosa isolates, MDR, defined as concurrent resistance to any three of the drugs ceftazidime, ciprofloxacin, gentamicin, and imipenem, was higher (non-ICU inpatients, 5.5 to 7.0%; ICU patients, 7.0 to 9.1%) than that reported by previous studies (12, 28) . Rates of MDR among P. aeruginosa organisms isolated from non-ICU inpatients and ICU patients showed a subtly increasing trend from 1998 to 2001 (non-ICU inpatients, 5.5, 6.4, 6.3, and 7.0%, respectively; ICU patients, 7.4, 7.0, 9.5, and 9.1%, respectively). Rates of MDR among A. baumannii were higher than those for P. aeruginosa, reaching 32.5 and 24.2% in 2001 among isolates from non-ICU inpatients and ICU patients, respectively. In the present study, resistance to ciprofloxacin was more commonly found in isolates of P. aeruginosa (Table 2 ) and A. baumannii concurrently resistant to other agents, suggesting that perhaps fluoroquinolones may be an important driver of MDR. Given that combination treatment is generally recommended for suspected Pseudomonas and Acinetobacter infections, there is a risk that this approach too may be encouraging resistance to multiple agents. Data suggest that currently the choice of a carbapenem, cefepime, or piperacillin-tazobactam in combination with amikacin or tobramycin would give the widest potential empirical activity against P. aeruginosa (15) .
Carbapenems are resistant to hydrolysis by most ␤-lactamases and therefore are effective agents against a broad range of nosocomial pathogens (5) . Subtle differences in the in vitro activities of imipenem and meropenem against P. aeruginosa and A. baumannii may exist as a result of differences in their resilience in response to known resistance mechanisms (20) . However, resistance to both imipenem and meropenem appears to have been stable over time, and marginal differences in their activities have remained constant (Tables 3 and 4) (8, 11, 12, 15-17, 24-26, 28) . Cross-resistance between imipenem and meropenem exceeded 60% in P. aeruginosa, and concordance in susceptibility classification was approximately 90%. A.
baumannii is now frequently resistant to penicillins and cephalosporins including cefepime but rarely to carbapenems (3). Rigorous monitoring for MDR among Pseudomonas and Acinetobacter isolates is very important because outbreaks of (19) . In hospitals in Brooklyn, New York, the increase in MDR A. baumannii correlated with cephalosporin usage (19) .
In conclusion, antimicrobial resistance rates among P. aeruginosa and A. baumannii are increasing slowly for most agents. However, fluoroquinolone resistance appears to be increasing more rapidly than is resistance to other agents and is the most common resistance component found among MDR isolates. The lack of any new compounds in the near future indicates that national, regional, and local surveillance efforts are imperative to provide clinicians with information for choosing empirical or directed therapy.
